Introduction
Methotrexate (MTX) binds to dihydrofolate reductase extraordinarily tightly, though reversibly. With new antifolates in clinical trial as cytotoxic drugs, trimetrexate (TMQ) and piritrexim (ΡΤΧ), there is a need to compare the binding of each of these compounds to dihydrofolate reductase, particularly the human enzyme.
A corollary of very tight binding inhibition is that it can be measured under conditions when the concentration of inhibitor is less than that of enzyme, and hence the concentration of free inhibitor cannot be equal to that of total inhibitor, invalidating the simple Michaelis-Menten treatment of steady-state enzyme inhibition. Morrison (1) first provided a complete theoretical description of tight binding enzyme inhibition, and predicted that steady-state analysis should result in curvilinear Lineweaver-Burke plots, but evaluation of kinetic parameters from Morrison's expressions places unrealistic demands upon the precision of determination of the tangent and asymptote of those curves. We have reported alternative expressions (2) more amenable to practical implementation; here we report their application to the steady-state measurement of the inhibition of L. casei dihydrofolate reductase (LcDHFR) by MTX and of recombinant human dihydrofolate reductase (rhDHFR) by MTX, TMQ and ΡΤΧ. We also report rates of dissociation of MTX from complexes with dihydrofolate reductase 11 Support of the Queensland Cancer Fund is gratefully acknowledged. 21 Author to whom correspondence should be addressed. 
Material and Methods
LcDHFR was from a MTX-resistant strain from the New England Enzyme Centre and rhDHFR was from Hoffman-La Roche. Both were purified (2) to homogeneity by SDS-PAGE and analytical IEF.
Steady-state reaction velocities were measured at 25° spectrophotometrically, using 10 cm path cuvettes and a 28 ml reaction mix, to compensate partly for enzyme concentrations of 400 pM (LcDHFR) or 160-250 pM (rhDHFR) and, in studies of inhibition of rh-DHFR, a maximum H 2 folate concentration of 1 μΜ. Reactions were initiated by the addition of NADPH to the other preincubated components in 50 mM Tris-HC1 pH 7.5 containing 150 mM KCl (rhDHFR) or 33.5 mM KH;P0 4 -16 mM K,HP0 4 pH 6.5 containing 100 mM KCl (LcDHFR).
Dissociation of [
3 H]MTX from enzyme complexes was initiated by addition of 0.5 μπιοΐεβ of unlabelled MTX to complexes typically containing 20 pmoles of [Ή]ΜΤΧ and 1000 pmoles of enzyme at 25° in a stirred cell from which the ultrafiltrate was sampled periodically.
Results and Discussion
The rhDHFR bound substrates more tightly than LcDHFR (Table 1 ), but the decreased velocity of reactions catalyzed by rhDHFR at H 2 folate concentrations above 5 μΜ imposed severe restraints on reaction conditions.
The curvature of the regression fitted to the double reciprocal plot (Fig. la) was obvious when LcDHFR was inhibited by MTX. The curvature was less pro- nounced in the case of rhDHFR (Fig. lb) because the maximum utilized H 2 folate concentration was 1 μΜ (due to inhibition at concentrations above 5 μΜ) and the curvature is more prominent at higher concentrations of the varied substrate. Nevertheless, the fit of the regression to the double reciprocal data (Fig.  lb) was satisfactory, and utilized the same equation (2) as that for LcDHFR (Fig. la) .
Similar experiments generated steady-state inhibition constants for the interaction of rhDHFR with TMQ and PTX (Table 1) . Lower Ki values were calculated when 10-14 nM rhDHFR was titrated at pH 6.5 in the presence of 10 μΜ H 2 folate in 1 ml reactions: 2 pM, 41 pM and 72 pM respectively for MTX, TMQ and PTX. How much the apparent tighter affinity is due to the lower pH value and how much to the inhibitory concentration of substrate cannot be ascribed.
Half-lives for the dissociation of MTX from the binary complex with rhDHFR and ternary complex with NADPH-rhDHFR were respectively 5.0 ± 0.4 min and 70.8 ± 3.0 min at pH 7.5; and 8.5 ± 0.8 min and 7.3 ± 0.2 h at pH 6.6. Equivalent values for LcDHFR were 4.3 ± 0.6 min, 10.3 ± 0.3 h; 48.4 + 1.6 min and 31.0 ± 1.6 h. These values, in conjunction with the kinetically-determined K¡ values, lead to the conclusion that the overall product of rate constants for forming the final tight ternary complex with MTX must be much faster for the ternary complex with rhDHFR than for that with LcDHFR. 
